The temporal and vertical distributions of dissolved organic matter in two Chinese eutrophic lakes (Lake Hongfeng and Lake Baihua) were investigated by measuring dissolved organic carbon (DOC), chlorophyll a (Chl a) concentrations and excitation emission matrix (EEM). DOC concentrations were almost similar in those two lakes, but higher (169-330 µM C, average 223 ± 36 µM C) in the epilimnion (0-8 m), and lower (151-303 µM C, 193 ± 25 µM C) in the hypolimnion (10-25 m). Five fluorescence peaks (peaks M and A of fulvic acid-like; peak C of fulvic acid-like or autochthonous DOMlike; peaks T and T UV of tryptophan-like components, respectively) were observed in the lake waters, indicating various sources of fluorescent dissolved organic matter in lakes. The fluorescence intensities of those peaks decreased (3-61%) in the epilimnion during the summer stratification period compared to hypolimnion. Chl a concentrations were 2.7-65.5 µg l -1 in the epilimnion and 1.4-41.0 µg l -1 in hypolimnion with the maximum level in July when water temperature (WT) was the highest of the year. DOC concentrations were significantly correlated with Chl a and WT. Chl a was well correlated with WT in the epilimnion of Lake Hongfeng, suggesting that biological activities might be a major DOC source in the lake waters. DOC concentrations were weakly correlated or not correlated with fulvic acid-like fluorescence in the epilimnion, but they were significantly correlated with tryptophan-like fluorescence, indicating that the tryptophan-like fluorescent material was from new DOM in the lakes during the summer period. But these correlations were often insignificant or absent in the waters of Lake Baihua except peaks T and T UV , which may be caused by the input of organic contaminants from the industrial activities near Lake Baihua. This study may assist to better understand the sources of lake DOM and the effects of organic matter pollution on the biogeochemical cycling of DOM in lake environments.
contribute a wide variety of organic contaminants, including fluorescence whitening agents (FWAs) or components of household detergents such as diaminostilbene (DAS1) and distyryl biphenyl (DSBP), tryptophan, phenols, pesticides, PAHs, pharmaceuticals, and so on in natural waters (Derbalah et al., 2003; Managaki and Takada, 2005; Mostofa et al., 2005a; Richardson, 2007) . Assimilation of those organic substances by littoral benthos may represent an important pathway for transfer of anthropogenicassociated contaminants to fish or directly to microorganisms. Decreased water quality may heavily impact drinking water, water-dependent agricultural foods and industrial activities. Allochthonous DOM is mainly composed of humic substances (fulvic and humic acids) that comprise approximately 30-80% of DOM in river and lake waters (Malcolm, 1985; Mostofa et al., 2009 ). Autochthonous production of DOM was comprehensively reported in freshwater lakes and oceans (Ogawa et al., 2001; Nelson et al., 2004; Mostofa et al., 2009) . The production of new DOM was considered to originate in two Excitation-emission matrix characterization of dissolved organic matter sources in two eutrophic lakes (Southwestern China Plateau)
INTRODUCTION
Organic matter is a prime cause for serious environmental problems in aquatic ecosystems due to increasing anthropogenic activities. Problems, such as sewage disposal, agricultural wastes, industrial and municipal wastes have deteriorated natural water resources. It is generally reported that dissolved organic matter (DOM) plays various roles in many biogeochemical processes in aquatic environments (e.g., maintaining water quality and food chain of microorganisms) (Frimmel, 1998; Leenheer and Croué, 2003; Mostofa et al., 2009) . DOM in lake waters is considered to originate from two major sources: allochthonous and autochthonous. Anthropogenic sources ways, either by direct release of DOM from the degradation of phytoplankton (Kirchman et al., 1995; RochelleNewall and Fisher, 2002) or from bacterial metabolism (Hayase and Shinozuka, 1995; Hudson et al., 2007) . The components of autochthonous production typically include carbohydrates (25-65%), amino acids, proteins and organic acids together account for 15-30% of DOM in lake waters (Rosenstock and Simon, 2001; Mostofa et al., 2009 and references therein) . Depending on the sources of DOM in freshwater lakes, it would be interesting to elucidate the relative contribution of autochthonous production in biological and photochemical processes in consequence of the inputs of natural and anthropogenicderived DOM in natural waters (Mopper and Kieber, 2002) .
Excitation emission matrix spectroscopy (EEMS) has been widely used to identify the sources, optical nature, molecular weight distribution and the chemical behavior of DOM in natural waters (Coble, 1996; Wu and Tanoue, 2001; Leenheer and Croué, 2003; Yamashita and Tanoue, 2003; Coble, 2007) or sediment pore waters (Burdige et al., 2004; Fu et al., 2006) . The fluorescence intensity has been observed to correlate significantly with DOC concentrations in rivers (Mostofa et al., 2005b (Mostofa et al., , 2007a Cumberland and Baker, 2007; Fu et al., 2007) and sediment pore waters (Burdige et al., 2004; Fu et al., 2006) . There are a large number of studies that use optical properties to evaluate DOM in natural waters (Wu et al., 2003; Cammack et al., 2004) . Up to date, most of the research has characterized the fluorescence properties of wastewater and DOM responsible for river or estuarine water pollution (Baker, 2001; Baker and Spencer, 2004; Mostofa et al., 2005a) . However, it is still a big question how natural and highly anthropogenic-derived DOM affects lake water dynamics and their temporal and vertical variations, particularly in China.
Previous study reported that there is a strong relation between fluorescence properties and molecular weight distribution of DOM in lakes (Hongfeng and Baihua) and their surroundings (Yue et al., 2006) . The identification of the origins of the DOM sources and its biogeochemical cycling with anthropogenic activities are fundamental for investigating the dynamics of DOM with respect to Chl a. Moreover, researchers did not examine about the effects of anthropogenic activities on the autochthonous production of DOM in lake environments. The objective of this study is (1) to examine the DOM sources and dynamics in two eutrophic lake waters where DOM originates from terrestrial soil organic matter, extensive anthropogenic activities near the catchment areas, and autochthonous production; and (2) to investigate the temporal and vertical variations of fluorescent dissolved organic matter (FDOM) in these two lakes. The dynamics and sources of DOM are also discussed in terms of the relations between DOC and other parameters (e.g., fluorescence, Chl a, WT and precipitation).
MATERIALS AND METHODS

Sampling sites
Lake Hongfeng (HF) and Lake Baihua (BH) are situated in the suburb of Guiyang City, the Capital of Guizhou Province, Southwestern China Plateau at 106°19′-106°28′ E and 26°26′-26°35′ N (Fig. 1) . They are the main sources for drinking, industrial and agricultural (irrigation) water for Guiyang City (with a population of 2.5 million) and other small cities near the lakeside. Lake Hongfeng is the largest reservoir in Southwestern China Plateau with an area of 57.2 km 2 , a maximum depth of 45 m and a watershed area of 1596 km 2 . Lake Baihua is a small reservoir with an area of 14.5 km 2 , a maximum depth of 35 m and a watershed area of 1895 km 2 . Both lakes are eutrophic and are connected by an approximately 10 km long main channel river. Several small rivers (Changchong, Dongmenqiao and Maicheng) flow into the main channel between the lakes. There are two fertilizer plants, one chemical plant, and many agricultural activities in the watershed. The waters from Lake Baihua ultimately flow through the Wujiang River and into the Yangtze River.
To investigate the DOM sources and its spatialtemporal variations, water samples were collected using Niskin bottles from two sites in Lake Hongfeng (sites HF-S and HF-N) and two sites in Lake Baihua (sites BH-1 and BH-2) every two months during the period of January 2003 to April 2004. To understand the vertical distribution and the characteristic changes of DOM, samples were also collected every 2 or 3 m from the surface (0 m) to 25 m. Polycarbonate bottles (2000 ml) were used to collect the water samples, kept under ice at 4°C and filtered on the same day. Spatial-temporal variations of DOM are vital in these two lakes to maintain the natural water resources as well as their sustainable uses in agricultural and urban purposes.
Methodology
Water samples were filtered through pre-combusted (450°C for 5 h) glass-fiber filters (GF/F, Whatman, U.K.) immediately after sampling, stored in the refrigerator (4°C) and analyzed within 5 days. DOC concentrations were measured using a high-temperature catalytic oxidation method (High TOC/N II Analyzer, Elementar, Germany). Potassium hydrogen phthalate was used as the standard. 12N HCl solution was instrumentally added to each sample to remove the dissolved inorganic carbon (DIC). After removing DIC by bubbling with pure air, 200 µl of each sample was injected into analyzer. The relative standard deviation (RSD) of the replicate measurements (n = 5) of DOC was less than 2%. The fluorescence was determined on a spectrofluorometer (F-4500, Hitachi, Japan) at room temperature (20°C) with a 150-W ozone-free xenon arc lamp and a 1 cm quartz cell. The EEM fluorescence data were collected for 2 nm wavelength of emission at every 5 nm wavelength of excitation. The spectrofluorometer was operated under the conditions of 5 nm slit width for excitation and 10 nm slit width for emission, photomultiplier voltage of 700 V, scan speed of 1200 nm per min and auto response time. The scan range was 220-400 nm for excitation and 250-500 nm for emission. Duplicate measurements of each sample were carried out, and results reported as their average. Replicate scans were generally within 2% agreement in terms of intensity. The spectra were corrected with Milli-Q water (18.2 MΩ·cm, Millipore) as a blank. The software SigmaPlot (Systat Software Inc., SSI) was applied for the visualization of EEM data, and the fluorescence intensity was expressed in arbitrary unit (a.u.). For comparative purposes, the water Raman scatter peak intensity recorded under these conditions was 47.9 a.u. at Ex/Em = 350/398 nm.
Chl a concentrations were determined by standard fluorometric methods (Welschmeyer, 1994) after extraction with acetone and dimethylsulfoxide (1:1 ratio). The pH and water temperature (WT) were determined using portable pH meter (HORIBA Ltd, Japan) and thermometer at the sampling sites, respectively. The precipitation data used in this study were collected from the Guiyang Meteorology Centre, Guizhou Province. Pearson correlation coefficients were determined using an SPSS Base 7.5 (SPSS Inc., U.S.A.) to understand the potential relationships between DOC concentrations and fluorescence intensities of various peaks, Chl a or WT studied in the two lakes.
RESULTS
Distribution of DOC concentrations in two eutrophic lakes
DOC concentrations in Lake Hongfeng varied from January 2003 to April 2004 in every two month period, ranging from 170 to 250 µM C in the epilimnion (0-8 m) and from 134 to 237 µM C in hypolimnion (10-25 m) at both sites HF-S and HF-N (Fig. 2a) . DOC concentrations in Lake Baihua were from 169 to 330 µM C in the epilimnion (0-8 m) and from 157 to 303 µM C in hypolimnion (10-25 m) at both sites BH-1 and BH-2 (Fig.  2b) . These results showed that DOC concentrations were almost similar in epilimnetic layers between the two sites in both lakes, but they were somewhat higher (13% in the epilimnion and 8% in hypolimnion) in Lake Baihua than in Lake Hongfeng. Moreover, DOC concentrations increased from March to May and remained the same until September at site HF-S, but they fluctuated at site HF-N with a maximum in July during the summer stratification period (Fig. 2a) . Conversely, DOC concentrations in Lake Baihua largely fluctuated during the study period, with a increase from January to May and a minimum in July at both sites during the summer season (Fig. 2b) .
The average DOC concentrations in Lake Hongfeng were higher in the epilimnion, and then vertically decreased from the upper epilimnion (0 m, 218 ± 22 µM C at site HF-S and 204 ± 25 µM C at site HF-N) to the hypolimnion (25 m, 190 ± 31 µM C and 178 ± 14 µM C, respectively). The DOC concentrations in Lake Baihua decreased from the upper epilimnion of 237 ± 40 µM C at site BH-1 and 238 ± 37 µM C at site BH-2 to hypolimnion 191 ± 10 µM C and 188 µM C, respectively. The average DOC concentrations largely increased in Lake Hongfeng (15% in epilimnion and 12% in hypolimnion) during the summer period (April to September) compared to the winter period (November to March). In contrast, in Lake Baihua the average DOC concentrations were almost the same in the epilimnion, but increased in the hypolimnion (11%). Such variations may be attributed to two major sources: high precipitation during the summer season, and autochthonous production inside the lake environments, which will be discussed in details in the Discussion section.
Fluorescence characterization of DOM
Five fluorescence peaks were identified in the EEM of the DOM in two lake waters ( Fig. 3 ): peak M (photobleaching) and peak A of fulvic acid-like substances ( Fig.  3b ), peak C of autochthonous DOM (Fig. 3a) or of fulvic acid-like components (Fig. 3b) , as well as peak T and peak T UV of tryptophan-like substances (Figs. 3a and 3b) or of anthropogenic DOM (Fig. 3c) . Typical three EEM fluorescence spectra for the two lake waters are exemplified with the images of dominant presence of autochthonous DOM (Fig. 3a) , allochthonous DOM ( Fig. 3b ) and anthropogenic DOM (Fig. 3c ). Ex/Em wavelength positions were 310-330/410-430 nm for peak M, 220-250/430-450 nm for peak A, 275-285/340-350 nm for peak T, 225-230/342-358 nm for peak T UV , and 330-345/430-438 nm for peak C. It can be noted that each fluorescence peak is detected at the maximum fluorescence intensity at specific excitation and emission wavelength in the EEM spectra of the samples studied. The fulvic acid-like fluores- 
Fig. 2. Spatial and temporal variations of DOC concentrations and their standard deviations at different vertical depths in Lake Hongfeng (sites HF-S and HF-N, a) and Lake Baihua (sites BH-1 and BH-2, b).
cence (peak M and peak A) was predominant in both lake waters. Their fluorescence intensities were significantly varied temporally and vertically (Fig. 4) , and greatly deceased in the epilimnion (0-8 m) compared to hypolimnion (10-25 m). Such results were often observed for peak C (Figs. 4e and 4f ), peak T (Figs. 4g and 4h) , and peak T UV (Figs. 4i and 4j) . Peak T and peak T UV of tryptophan-like components were dominant in Lake Baihua compared to those of fulvic acid-like or tryptophan-like peaks in Lake Hongfeng. Peak T UV was sometimes neglected in previous studies, but it can be consistently measured with the recent development of a stable source lamp (Chen et al., 2003) .
A rough estimation on the fluorescence of various peaks demonstrated that the decreases in fluorescence in the epilimnion (0-6) compared to the hypolimnion (15-25 m) during the summer period (from April to September) at both sites of each lake were 0-55% in Lake Hongfeng and 7-66% in Lake Baihua for peak M, 0-37% and 0-48% for peak A, 0-58% and 3-68% for peak C, 1-25% and 17-79% for peak T, respectively. It is interesting to note that fluorescence of peak T simultaneously increased, 3-20% at site HF-S and 4-33% at site HF-N, in the epilimnion in Lake Hongfeng (Fig. 4g ) and 1-30% at site BH-1 and 2-24% at site BH-2 during the summer stratification period, except July and September when a decreased in fluorescence of peak T occurred (Fig. 4h) . This suggests that tryptophan-like components may be produced in the epilimnion in both eutrophic lakes. Peak T UV was detected mostly in Lake Baihua (Fig. 4j) . Its decrease in fluorescence was 14-89% at site BH-1 and 20-72% at site BH-2 in the epilimnion (0-6 m) compared to the hypolimnion (15-25 m) during the summer season, mostly July and September, which were the highest losses in fluorescence among all the fluorescent substances detected in the two lakes studied. Simultaneously, the fluorescence of peak T UV slightly increased, 6-22% at site BH-1 and 3-22% at site BH-2, during the summer period, except July-September in Lake Baihua. The differences in the losses of fluorescence of peak M (0-66%) and peak C (0-68%) were minor, even when peak M was more dominant in the lakes than peak C.
Chlorophyll a concentrations in two eutrophic lakes
The Chl a concentrations in Lake Hongfeng varied from 2.7 to 47.8 µg l -1 at both sites (19.4 ± 12 µg l -1 at HF-S and 18.8 ± 10 µg l -1 at HF-N, respectively) in the epilimnion and from 1.4 to 32.7 µg l -1 (9.7 ± 7 µg l -1 at HF-S and 8.5 ± 7 µg l -1 at HF-N) in hypolimnion (Fig.  5a ). In Lake Baihua, the ranges of Chl a concentration were 4.1-65.5 µg l -1 at both sites (17.9 ± 12 µg l -1 at BH-1 and 19.0 ± 14 µg l -1 at BH-2) in the epilimnion and 1.4-41.0 µg l -1 (9.7 ± 7 µg l -1 at BH-1 and 12.1 ± 10.1 µg l -1 at BH-2) in hypolimnion, respectively (Fig. 5b) . Chl a concentrations were observed to reach their maxima in the epilimnion in July when the vertical WT was the highest (31°C) in both lakes (Figs. 5 and 6). Their levels were 2.7-3.0 times higher in the epilimnion (0-8 m) than those in the hypolimnion (10-25 m) during the Chl a maxima in July in both lakes.
DISCUSSION
Changes in DOC concentrations
An increase in DOC concentrations was observed in Lake Hongfeng, starting in March in the total water column and reaching the highest level in May-September (Fig. 2a) . In Lake Baihua there was no such obvious increasing pattern in DOC concentrations, and instead large fluctuations occurred during the study period (Fig. 2b) . The high levels of DOC and their variations in Lake Baihua were likely due to not only the small lake size and the lower number of connecting rivers than Lake Hongfeng (Fig. 1) , but also the higher fluxes of polluted effluents from the chemical plants and small towns situated near Lake Baihua. These factors may control the overall DOM in the lake waters, rather than the allochthonous and autochthonous DOM that dominated in Lake Hongfeng. In addition, this increase in DOC concentration indicates contributing related to the high precipitation during the summer season. This idea is validated by a good correlation (r = 0.62) between average DOC concentrations and precipitation (Fig. 8a) , which suggests that the DOC in Lake Hongfeng may partly come from riverine impacts due to precipitation. This result is strongly supported by the overall increase in DOC concentrations vertically at all depths during the summer period in Lake Hongfeng, particularly at site HF-S (Fig.  2a) where riverine inputs of DOM is likely to be higher due to the closer connection of three big rivers. Sites HF-S and BH-1 are located closer to riverine waters with high human or industrial activities than are sites HF-N and BH- Mar 
Fig. 5. Vertical changes in the Chl a and their standard deviations at different depths in water samples collected from Lake Hongfeng (sites HF-S and HF-N, a) and Lake Baihua (sites BH-1 and BH-2, b).
Fig. 6. Vertical water temperature (WT) profile at the sampling site (site HF-S) in Lake Hongfeng during the study period. Similar patterns were observed at sites HF-N, BH-1 and BH-2 that
Fig. 7. Relationship between WT and Chl a concentrations in the epilimnion (a) and hypolimnion (b) of the water samples collected from Lake Hongfeng and Lake Baihua.
2. It may be that either dilution of allochthonous DOM with autochthonous/anthropogenic DOM or direct impact on primary production has an effect on the overall autochthonous production of DOM that occurs at site HF-S.
Variations of chlorophyll a in eutrophic lake waters
The results of the Chl a concentration demonstrated that the Chl a maxima was only limited to the epilimnion (0-8 m). A rough estimate of Chl a production in the epilimnion (0-8 m) compared to the hypolimnion (15-25 m) shows that the mean percentage production of Chl a was a little higher, although not so significantly different, at sites HF-N (69 ± 19%) and BH-2 (65 ± 22%) than at site HF-S (64 ± 18%) or BH-1 (64 ± 26%). The depths of the Chl a maxima found in this study are similar to that of Lake Kinneret (Yacobi, 2006) , where it is mostly limited to the upper (0-5 m) epilimnetic layer. However, they greatly differ from Lake Biwa where it occupies a thick epilimnetic layer (0-20 m) (Mostofa et al., unpublished data) . Differences in the Chl a maxima in this study may result from the higher (ca. 2-3 times higher) DOC concentrations (134-330 µM C), smaller lake size (57.2 and 14.5 km 2 surface area, respectively) and lower maximum water depth (45 m for each) compared to those of Lake Biwa (76-135 µM C, 3174 km 2 and 104 m, respectively). The high DOC may limit the penetration of light intensity to hypolimnetic layers and result in a shoaling of the euphotic zone. Consequently, the production of Chl a is limited to the epilimnetic layers. In addition, the mixed layer of the epilimnion may increase due to greater wave mixing with larger lake size and greater depth. This factor may result in the extension of the Chl a maxima to greater depths as found in Lake Biwa. This explanation is in agreement with the observation of Laurion et al. (2000) , and they reported that within-lake variation in UV attenuation revealed a significant contribution from phytoplankton in hypolimnion (UV attenuation increasing with Chl a concentrations), which was noticeable only when DOC concentrations were low. Similarly, the Chl a maxima in the epilimnion in Lake Kinneret where DOC concentrations (258-485 µM C), lake size (170 km 2 surface area) and depth (42 m) are similar to those of Lake Hongfeng and Lake Baihua, may be due to a high DOC. Chl a maxima were slightly shallower in Lake Kinneret (0-5 m) (Stone et al., 1995; Yacobi, 2006) than in lakes Hongfeng and Baihua (0-8 m). The overall light penetration depth in Lake Kinneret was on average 1.77 m, and the uppermost layers in the epilimnion are considered representative of the entire euphotic zone (Yacobi, 2006) . These results suggest that a freshwater lake with high DOC or polluted waters may limit the Chl a maxima to the upper epilimnion by preventing light penetration into hypolimnion. The Chl a maxima in Lake Hongfeng and Lake Baihua can be understood from the low concentrations of nutrients, such as NO 2 -and NO 3 -in epilimnion observed during the same study period (Li et al., 2008) . The results demonstrated that the NO 2 -and NO 3 -were much lower in upper epilimnetic layer (0-4 m) in Lake Hongfeng (3-6 and 70-100 µM, respectively, at site HF-S) and Lake Baihua (6-9 and 90-120 µM, respectively, at site BH-1) compared to deeper epilimnion and upper hypolimnion (Li et al., 2008) . The Chl a concentrations in the epilimnion were correlated with WT in both Lake Hongfeng and Lake Baihua (Fig. 7a) , while there were no correlations found in hypolimnion (Fig. 7b) . This suggests that WT may play a significant role in the production of Chl a in the epilimnion in high DOC lake waters.
Changes in fluorescent DOM in two lakes
The EEM spectra of the lake waters demonstrated that various FDOMs were autochthonously produced in the upper epilimnion during the summer stratification period (Fig. 3a) than the hypolimnion where the allochthonous DOM predominantly occurred (Fig. 3b) . The experiments conducted on resuspension of algal sediment in both Milli-Q and unfiltered river waters revealed that the new DOM released both photochemically and microbiologically under sunlight (1-6 hours) or dark incubations (1-60 
Fig. 8. Relationship between rainfall and average DOC of all depths for water samples collected from Lake Hongfeng (a) and Lake Baihua (b).
Peak M Peak A Peak T Peak T UV Peak C Chl a 
WT DOC DOC DOC DOC DOC DOC DOC Pearson coefficients r, P-values r, P-values r, P-values r, P-values r, P-values r, P-values r, P-values
Table 1. Pearson correlation coefficients between DOC concentrations and fluorescence intensities of fulvic acid-like peak M and peak A, tryptophan-like peak T and peak T UV , fulvic acid-like peak C, chlorophyll a (Chl a) and water temperature (WT) detected at water samples collected from Lake Hongfeng (sites HF-S and HF-N) and Lake Baihua (sites BH-1 and BH-2). Correlation coefficients were determined considering the epilimnion (0-8 m) and hypolimnion (10 to 25 m).
NS means "not significant", np means "no available peaks" to determine the correlation coefficients.
(-) means negative correlation and n means the number of samples studied. Statistical significance is reported as either NS (P > 0.05) or (0.05 > P > 0.01, P < 0.01).
C, respectively (Mostofa et al., unpublished data) . It can be noted that algal sediments were collected through filtration of lake waters (~0 m) of Lake Hongfeng using GF/F filter (Whatman) during the summer season (June 2007). These experimental results were in line with the autochthonously-derived FDOMs in lake waters and some differences in fluorescence may occur due to mix up of dominant occurrence of allochthonous fulvic acid (~51% in Lake Hongfeng, Wang, 2007) with autochthonous DOM. On the other hand, the fluorescence of fulvic acid (peak M and peak A) increased in the water column during the summer stratification period than the winter period (Figs. 4a-d) . Fluorescence was similar in both epilimnion and hypolimnion during the winter period. During the summer season, the overall increase in fulvic acid-like fluorescence may originate from the riverine input due to high precipitation and river flux. The fluorescence intensities of various peaks decreased by the photochemical decomposition of DOM under strong sunlight radiation, which apparently starts in April and reaches the maximum losses in July and continues in the epilimnion of the two lakes during the summer stratification period (Figs. 4a-f ). This summer decrease in fluorescence is in agreement with earlier studies in lake waters (Vähätalo et al., 2000; Mostofa et al., 2005b) as well as in photoexperiments conducted on natural waters (Moran et al., 2000; Mostofa et al., 2007b) . Therefore, production and degradation of FDOMs are simultaneously taking place in the epilimnion of the lakes.
Dynamics and sources of DOM
It has been demonstrated that the fluorescence intensities of various peaks (M, A, C and T) decreased in the epilimnion, but the DOC concentration greatly increased during the summer stratification period, particularly from May to September at site HF-S and in July at site HF-N in Lake Hongfeng (Fig. 2a) . This change argues for the autochthonous production of DOC that is derived from substances other than terrestrial fulvic acidlike substances in both lakes, although DOC greatly varied in summer, fluorescence of peaks M and A had similar increasing trends in Lake Baihua (Figs. 4b and 4d ). In addition, the trend greatly increased from February to April 2004 as compared to those observed in Lake Hongfeng (Figs. 4a and 4c ). This suggests that fulvic acidlike component was affected by other anthropogenic DOM in Lake Baihua. These observations were further supported by the significant correlations between DOC and fluorescence of peaks M and A found in hypolimnion in Lake Hongfeng. Due to the photodegradation in the epilimnion, no correlation at site HS-N or little correlation at site HF-S was found. However, in Lake Baihua, no obvious correlations were observed in both epilimnion and hypolimnion (Table 1) . There are two possibilities that (a) allochthonous fulvic acid-like DOM was the dominant source in Lake Hongfeng whereas it was a minor source in Lake Baihua, and (b) other anthropogenic sources of DOM were dominant in Lake Baihua that were absent in Lake Hongfeng. Similar to the fulvic acid-like peaks M and A, fluorescence of autochthonous DOM (peak C) also increased in the water column from May to September in both lakes (Figs. 4e and 4f ) and the quantity of fluorescence intensity was greater at site HF-S than those at site HF-N and both sites in Lake Baihua. In addition, the trend in fluorescence observed from FebruaryApril 2004 in Lake Baihua (Fig. 4f) was not similar to that in Lake Hongfeng (Fig. 4e) . These results were supported by the fact that there was no correlation detected between fluorescence of peak C and DOC in the hypolimnion in the water column at both sites in Lake Baihua. However, in Lake Hongfeng, a slight correlation (site HF-S) and no correlation (site HF-N) were observed in the epilimnion, while significant correlations were observed in hypolimnion at both sites (Table 1) . Site HF-N showed a higher fluorescence of peak T (4-33%, mean = 16 ± 7%) during the summer season and a slight decrease in fluorescence of peak T (4-16%, mean = 10 ± 4%) only in September. In contrast, site HF-S showed a slight increase (3-20%, mean = 12 ± 6%) and larger decrease in fluorescence (1-25%, mean = 16 ± 9%). This difference suggests that the production of tryptophan-like fluorescence components was dominant at the sampling site where the riverine input was minor. In Lake Baihua, fluorescence of peak T, on the other hand, exhibited higher (29-79%, mean = 52 ± 25%) degradation from July to September and a slight (1-30%, 14 ± 10%) production at site BH-1 in the epilimnion. At site BH-2, the degradation and production of fluorescence were lower (17-52%, mean = 26 ± 17%, and 2-24%, mean = 12 ± 8%, respectively) than those at site BH-1. Peak T UV detected mostly in Lake Baihua also showed higher degradation (mean = 57 ± 35% at site BH-1 and 40 ± 22% at site BH-2) in July-September and a slight production (mean = 15 ± 6% at site BH-1 and 12 ± 6% at site BH-2) during the summer period, except July-September. Even though the degradation of fluorescence of peaks T and T UV occurred, fluorescence was significantly correlated with DOC in both epilimnion and hypolimnion at both sites, except peak T UV in hypolimnion in Lake Baihua (Table 1) . A positive correlation between fluorescence of peak T and DOC was found in the epilimnion in both lakes, but well correlation observed, particularly at site HF-S. These results suggest that the tryptophan-like components may partially contribute to the total DOC in both lakes. An increase in fluorescence of peak T in the epilimnion was often observed in Lake Biwa during the summer stratification period (Mostofa et al., 2005b) . The tryptophanlike substances are a sign of autochthonous production in seas or in freshwater lakes, and the level of those components decreases with water depth (Coble, 1996; Parlanti et al., 2000; Elliott et al., 2006) . DOC concentrations were strongly correlated with WT (r = 0.69 at site HF-S and r = 0.78 at site HF-N) as well as with Chl a (r = 0.39 and 0.50, respectively) in the epilimnion in Lake Hongfeng (Table 1) . Moreover, Chl a concentrations were also correlated with WT ( Fig. 7a) and fluorescence of peak T (Fig.  9a) in the epilimnion. These results may suggest that tryptophan-like substances in Lake Hongfeng are directly released either by photochemical processes or biological changes of Chl a under natural sunlight in the epilimnion during the summer period. Photochemical and microbial release of new fluorescent DOM under sunlight and dark incubations of algal sediments, collected through filtration of lake waters of the same Lake Hongfeng as mentioned earlier, might be the key source of autochthonous DOM in the two eutrophic lakes (Mostofa et al., unpublished data) . These results were further supported by previous studies that the decrease in Chl a occurred photochemically and biologically in lake and sea waters (Kirchman et al., 1995; Nelson et al., 2004; Mostofa et al., 2005b) . Hart et al. (2000) reported that netphytoplankton was the dominant source of POC/DOC in Lake Kinneret during the Chl a maximum in the spring.
Photodegradation experiments conducted by Sun et al. (1993) on sedimentary chloropigments using 14 C-labeled algal cells demonstrated that Chl a was quickly degraded to various colorless compounds and a substantial fraction (ca. 30-40%) degraded to pheophytin a. Pheophytin a is stable under anoxic conditions, but it can be degraded to a soluble colorless compounds under oxic conditions. Conversion of Chl a to colorless compounds or pheophytin was also investigated elsewhere (Klein et al., 1986; Bianchi et al., 1988) . Biddanda and Benner (1997) reported that during phytoplankton growth DOC production was estimated to be 5-13 µM C d -1 (0.01-0.06 pmol DOC pM cell C -1 d -1 ) and constituted a significant fraction (10-32%) of DOC. In coastal waters, the production of dissolved amino acids was found to link to phytoplankton exudation (Yamashita and Tanoue, 2004; Nieto-Cid et al., 2006) , supporting the direct release of tryptophan from Chl a in the lake waters studied.
In Lake Baihua, there are no correlations observed between DOC and precipitation ( Fig. 8b) and between fluorescence of peak T and Chl a in the epilimnion and hypolimnion (Fig. 9) , suggesting that the major sources of DOC came from other than autochthonous production of tryptophan components or rainwater itself. Similarly, the seasonal differences in DOC were unclear and autochthonous production of DOC was not observed in Lake Baihua. This difference may be due to the input of industrial effluents (one chemical and two fertilizer plants) that may mix up into the entire water column in Lake Baihua, although the total annual discharge of effluents from these plants were not examined in this study. The importance of anthropogenic sources in Lake Baihua is also consistent with the insignificant correlation found between fluorescence of peaks M, A and C and DOC as compared to those of Lake Hongfeng (Table 1) . Moreover, tryptophanlike fluorescence was strongly correlated with DOC at both sites in Lake Baihua as compared to those in Lake Hongfeng ( Table 1 ), suggesting that the anthropogenic sources of these substances may be more important in Lake Baihua than in Lake Hongfeng, although their photodegradation occurred simultaneously in both lake waters. Furthermore, tryptophan-like fluorescence, an indicator of biological biomass in wastewater effluent and a possible tool for monitoring water quality and pollution events (Baker, 2001; Chen et al., 2003; Baker and Inverarity, 2004) , was observed mostly in Lake Baihua (Figs. 4g and 4j) , which further confirms the importance of anthropogenic sources in Lake Baihua. Fluorescence of peak T UV was strongly correlated with DOC at site BH-1 and slightly correlated with DOC in the epilimnion at site BH-2 (Table 1 ). This suggests that the fluorescent substances related to peak T UV may also come from the chemical plants situated near site BH-1 and then are somehow diluted or photodecomposed during transport of lake water from the middle part (site BH-1) to the north part (site BH-2), and ultimate discharge to the Yangtze River. Although peak T UV was not often observed in Lake Hongfeng (Fig. 4i) , it was found at a few depths at site HF-N but had no significant correlation between fluorescence and DOC. This study cannot identify the fluorescent substances of peak T UV regions, but it showed that it was originally tryptophan or other substances. We are further investigating the chemical substances possibly associated in fluorescence peak T UV in the waters of these lakes.
CONCLUSIONS
The two Chinese eutrophic lakes, predominantly having both allochthonous and anthropogenic DOM, demonstrate a significant variation in production of Chl a and concurrently causing dissimilarity in autochthonous production of DOM sources and its dynamics. The most important results can be summarized as follows: 1) DOM in Lake Hongfeng had a regular trend, increased during the summer stratification period and decreased during the winter period, which was plausibly caused by autochthonous production of DOM during the summer period and vertical mixing during the winter period. But such a trend was not observed in Lake Baihua due to the regular fluxes of organic matter pollution from chemical industries.
2) Chl a production was higher (8% at site HF-S, mostly unaffected by organic pollution) in Lake Hongfeng than the most contaminated site (BH-1) of Lake Baihua. This implies that the input of anthropogenic organic pollutants may efficiently decline the production of Chl a in the waters of Lake Baihua. The difference in Chl a production between the two lakes indicates the variation in autochthonous production of DOM of the two lakes.
3) Lake Hongfeng water was identified with the predominance of autochthonous DOM in the epilimnion during the summer stratification period and allochthonous DOM having predominantly fulvic acid-like fluorescence (peaks M, A and C). Lake Baihua water was identified with anthropogenic DOM containing the dominance of the fluorescence (peaks T and T UV ) of tryptophan-like or unidentified components.
